In S inclair swine , there is an increase in alkaline phos phatase activity in spontaneously arising melanoma tumors when compared to normal skin. While alkaline phosphatase activity could be d e tected in melanomas from anima ls 1 day old, the maximum levels of alkaline phos phatase a ctivity occurred in tumors from animals g reate r than 30 days old. The alkaline phosphatase was purifi ed from cutaneous m e lanomas using chloroform precipitation, Phenyl-Sepharose chromatography, and conca navalin A Sepharose chromatography approximately 146-fold, with an overall recovery of 15%. The purified e nzyme e xhibited optimal activity over the pH range of 8.9-10.6. The apparent Km of the enzyme for p-nitrophe n y l phos phate was 0.15 mM. The enzyme exhibited a r elative mobility of 0.04 in nondenaturing poly acry la mide gels. The molecular weight of the enzyme was estimated by gel filtration chromatography to be 122,000 and it was composed of two identical subunits each having a molecula r w e ight of 67,000. The enzy m e was thermolabile at 56°C (T5o, 18 min) and its activity w a s inhibited by L-homoarginine, levamisole, a nd vanadate, but not by L-phenylalanine or L-phenyla lanylglycy lglycine. These characte ristics distinguished the enzyme from the intestinal isoenzyme that is found in normal s wine skin but were similar to those exhibited by the porcine placental isoenzyme of alkaline phosphatase. These results sugges t that the development of mali g nant mela noma in Sinclair swine is accompanied by the e x pression of a place ntal-like alkaline phosphatase a cti v ity .
In S inclair swine , there is an increase in alkaline phos phatase activity in spontaneously arising melanoma tumors when compared to normal skin. While alkaline phosphatase activity could be d e tected in melanomas from anima ls 1 day old, the maximum levels of alkaline phos phatase a ctivity occurred in tumors from animals g reate r than 30 days old. The alkaline phosphatase was purifi ed from cutaneous m e lanomas using chloroform precipitation, Phenyl-Sepharose chromatography, and conca navalin A Sepharose chromatography approximately 146-fold, with an overall recovery of 15%. The purified e nzyme e xhibited optimal activity over the pH range of 8.9-10.6. The apparent Km of the enzyme for p-nitrophe n y l phos phate was 0.15 mM. The enzyme exhibited a r elative mobility of 0.04 in nondenaturing poly acry la mide gels. The molecular weight of the enzyme was estimated by gel filtration chromatography to be 122,000 and it was composed of two identical subunits each having a molecula r w e ight of 67,000. The enzy m e was thermolabile at 56°C (T5o, 18 min) and its activity w a s inhibited by L-homoarginine, levamisole, a nd vanadate, but not by L-phenylalanine or L-phenyla lanylglycy lglycine. These characte ristics distinguished the enzyme from the intestinal isoenzyme that is found in normal s wine skin but were similar to those exhibited by the porcine placental isoenzyme of alkaline phosphatase. These results sugges t that the development of mali g nant mela noma in Sinclair swine is accompanied by the e x pression of a place ntal-like alkaline phosphatase a cti v ity .
Studies on maligna nt mela noma, a hi ghly lethal ca ncer of pigmented ce lls, have focused prima ril y on elucidatin g the role of certa in tumor-associated a nt ige ns [1 -6) in t umorigenesis and spontaneous regression with th e goal of developing specific diagnostic tests and/o r therapeutic regimens. However, none of t hese studies has examined whether t hese tumor-associated a nt ige ns possess enzy matic activity a nd , except for studies on t he enzy me monophenol monooxyge nase (tyrosinase, EC 1.14.18. 1), very few studies have examined biochemical changes in t he leve ls of specific enzy mes during the t umorigenesis of maligna nt mela noma [7] [8] [9] [10] . This is due in pa rt to the limited qua ntit ies of huma n mela noma t issue avail able for biochemical studies.
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The probl em of tissue avail ability ca n be circumve nted by usin g appropriate a nimal models. Studies wi t h the S incla ir swine mela noma model have demonstrated t hat in t he miniat ure blac k p ig, t he processes involving t he development of spontaneous cutaneous mela noma and spontaneous regressio n are simila r to t hose processes in huma ns a nd, furt he rmore, in t he pig, t hese processes are ge netica lly linked [11] [12] [13] [14] [15] . S ince conf1ictin g reports have bee n published concerning alkalin e phosphatase (orthophosphoric monoester phosphohydrolasea lkaline optimum, EC 3. 1.3.1) act ivity in hum a n melanoma t he purpose of this study was to exa mine alkaline phosph atas~ activity during tumorigenesis using t he Sinclair swine melanoma modeL This report describes t he purification and characte rization of a place ntal-like a lkaline phosphatase ac tivity t hat is present in malignant mela noma t issue but not no rma l t issue from the S incl air swine.
MATERIALS AND METHODS

Mat erial.•
Co nca nava lin A Sepha rose CL-4B, p -nitrophenol, pni t.ro phe ny l phosphate, porcin e in testin a l mucosa a lka line phosphatase type TV , po rci ne pl ace nta a lk a lin e phosphatase type XVI , a nd hum a n pl ace nta l a lk a lin e phosphatase ty pe XX IV were purchased from Sigma C hemical Co mpa ny, S t. Louis, Missouri. Phenyl-Sepha rose C L-6B a nd PAA 4/ 30 gradi ent ge ls we re purchased fro m Pha rm ac ia Fine C he mi cal Co mpa ny, Piscataway, New ,Jersey. Aqu acide Ill was purchased from Calbioc hem, La J olla, Californi a. The radionucleotides [2-"H]adenosine 5 ' -monop hospha te (15.6 C i/ mmol) a nd [2,8-"H]adenosine 5' -triphosphate (29 C i/ mmol) we re purchased from Ame rsha m, Arlin gto n Heights, Illinois.
Cu ltu red Cell Lines
K B cell s we re grow n in Eagle's modified medium acco rdin g to t he procedure of Hughes a nd Munyo n 11 6 1 co nta inin g 5% (v/v ) calf se rum (Fl ow Labo rato ri es) a nd ge nta mi cin (50 l'g/ ml) at 37' C in 5% C0 2 • Cell s were exa mined for mycoplas mas using t he procedure of Russel et a \11 7 1 an d were demonst rated to be mycoplas ma-free. Cell s we re grown to co nflu ency, washed 3 times in co ld phosphate -buffered saline, removed from t he fl asks by scraping, a nd co llec ted by centrifugation. Cells were sto red a t -20' C un t il examin ed .
Sincla ir Swin e Melanoma
Cuta neo us tumors a nd norm a l s kin we re obta in ed from a nima ls ra nging in age from 1-100 days old. All noninvolved fa tty t issue a nd hair were removed a nd t he s kin sa mp les were froze n at -20' C un t il use.
E nzy me Assay
The a lk a lin e phosphatase reacti on mi xture con ta in ed in a tota l volu me of l.1ml: 0.1 M 2-a mino-2-methyl-1-propa nol-H Cl pH 10.6, 10 mM p -nitrophenyl phosphate, 0.1 mM MgC l2, 1 I'M ZnSO,, a nd t he e nzy me {1 0-100 l'g protein ). Reaction mixt ures were incubated at 37' C for va ri ous time periods (10-60 min ) a nd t he reactions were terminated by t he addi tion of 2.5 ml of 1 M NaOH. Unde r these co ndi t ions, t he assays we re linea r with Lim e a nd were proportiona l to t he a mount of enzyme added. The a mount o f p -nilrophenol formed was dete rmined by measurin g absorba ncy at 420 nm usin g a Zeiss Model PM6 spectrophoto mete r. A unit of e nzyme activi ty was deli ned as t he a moun t of enzyme required to produce 111mol of p -nitrophenol from p -ni t rophenyl ph ospha te per min under t he assay condi tions. T he specific activity was de fin ed as th e uni ts of a lka lin e phosphatase activi ty per mg of p rotein.
For ex perime nts in whi ch t.he nucleosides AMP or ATP were emp loyed as substrates, t he reaction mix t ure co nta ined in a tota l vo lume of 0. 1 ml: 0. 1 mM Tris-maleate buffer pl-1 10.0 co nta ining 0.1 mM M gC \ 2 , 1 pM Zn SO,, 0.3 mM ["H]nucleotide (25 pCi/ mol) , a nd the e n zym e (1 -10 pg protein). The reactions were te rmin ated by heatin g at lOO "C for 3 min. Products o f the reaction were dete rmined by t hinl aye r chromat ography usi n g the procedure described by Beards ley a nd A b leso n IJ 8J. A unit of enzy me activity was defin ed as t he a mounL of e n zym e required to produce l ;nnol of orthophosphate from t he nucleotide per min under the assay cond itiOns.
Protein Determination P rotein was estim ated by t he method of Cadm a n et al [19] usi ng bovi n e se rum a lbumin as t he sta nda rd .
Enzym e J:. 'xtraction
All e xtractions were performed at 4"C. Sa mpl es (1 -3 g) fro m t he swine we re min ced a nd suspended in Buffer A (JO mM Tris-H C I pH 7.5 co nta ining 2 mM 13-m ercaptoetha nol (BME), 10% (v/v) glyce rol, 0.2 mM phe nylmethysulfony lfluoride (P MSF), a nd 2% Triton X -100) a nd ho mogeni zed usin g a Virt is Model 23 ti ssue homogenize r. The e xt ract was then passed through a wire mes h (6120) sc reen a nd the r esultin g homoge nate was frozen and thawed a t imes. The KC I co ncent ra ti o n was adju sted to 0.1 5 M a nd th e materi a l was soni ca ted with 4 30-s bursts using a n Artex So nic Dismembra ntor. The suspension was ce n t rifuged for 15 min at 30,000 g using a n In te rna tiona l Model B20A ce ntrifuge equipped with a 870 rotor. The supernatant designated the c rude e xt ract wa s empl oyed for purification studi es.
Pu rification of Alkaline Phosphatase Activity
All purification procedures were co nducted at 4"C. To avo id proteolytic digestion, 0. 2 mM PMSF was included in a ll buffers. Co ld chlor ofo rm was added to the crude extracts (40-80 mg protein) until a fin a l co n ce ntration of 20 % (v/v) was obta in ed. The sa mpl es were stirred a t 4 ·c fo r 1 h a nd t he prec ipi tate was removed by low-speed ce ntrifugat io n . Solid a mm onium sulfate was t hen added to t he supernata nt (20-3 0 mg protein) until a final concentration of 1 M was obtained. The sa mpl e was loaded on a phenyl-Sepha rose CL-6B column (I x 10 em ) preequi li brated in Buffer B fl O mM Tris-HCI pH 6.0 co ntaining 2 111M B M E a nd 1 M (N H, ),SO,J. The column was washed wit h 15 ml of Buffer Ba nd the enzy me was elu ted with a lin ea r grad ient of decreasing am m onium sulfate concentration and increasin g ethylene glycol monomethy lether co nce ntration us in g Buffer B (20 mil a nd Buffe r C (1 0 mM Tris-HCI pH 6.0 conta inin g 2 mM BME a nd .~0 % [v/v ] et hylene g lyco l monomethylether-20 ml ). Tubes co rrespo ndin g t.o maxima l enzy me act ivity were poo led and d ia lyzed ove rm ght aga m st a liter of Buffer A. The dialysate (0.5 1 mg p rote in) from t he phenyl-Sepharose column was diluted 1:1 with Buffer D (0. 1 M acetate buffer pH 6.0 co ntai nin g l M NaC I, 2 mM BME, 3 mM Mq C\2, 3 mM CaC \2, a nd :l mM Mn C \ 2 a nd applied to a co nca nava lin A Sepharose C L-4B column (l x 10 em) equilibrated in the same buffer. The column was washed w ith 15 ml of Buffer D; foll owed by 15 ml of Buffer D containing 2% (v/v) Tri to n X-100. The alkaline phosphatase activity was eluted from t h e matrix usin g Buffer E (Buffer D co ntaining 2% (v/v ) T ri ton X -100 a nd 0.2 M m ann ose).
Nondenaiuri ng Polyacrylamide Gel Elect rophores is (NO-P AG E)
Tube ge l elec trophoresis was perform ed using t he procedure desc ribed by Dewald et al [20] . Gels were polymerized in sili coni zed tubes (0.5 x 12 em) at 25"C. Sampl es conta inin g 2-100 pg protein were layered on top of the gel together with bromphenol blue as t he m arker. E lectroph ores is was performed in a Bio-Rad 150A apparatus a t 4"C with a co nsta nt current of 3 rnA / tube applied ac ross the gel for 3.5 h.
Followin g elec trophores is , the ge ls we re removed from the tubes a nd c u t in to 3-mm cross-sec ti onal slices. The s li ces were extracted with 200 1 _d of 25 mM Tris-H CI buffer pH 7.5 cont.a ining 2 mM BME, 2 111M MgC l 2 , 1% Triton X -100, a nd 25 % (v/v) glycero l for 24 h at 4"C. For t h e dete rmin ation of e nzyme activity, a n a liquot (0.1 ml) of the extract was in cubated in the reaction mix t ure co ntaining p-nitrophenyl phosp h ate as desc ribed under enzy me assay.
Molecular Weight Determination
The purified a lk a lin e phosphatase was subjected to gel filtration using a Bio-Ge l A-.5 M column ( 1.6 X 43 em) whi ch had been preequilibrated in Buffe r A co ntaining 0.2 M KCI. Calf thymus DNA, glucose oxidase (M, = 160,000) , alco hol dehydroge nase (M, = 141,000), lipase E NZYMOLOGY OF MALIGNANT M EL ANOMA 527 (M, = 100,000), and creatine phosp hoki nase (M, = 81,000) were used as standards.
Sodium dodecyl sul fate po lyac ry la mide ge l electrop hores is (80S-PAGE) was performed usin g P harmacia PAA 4/30 gradient ge ls. The purified swine a lk a line phosphatase was co nce ntrated t.o JO % of its origin al volume (6 ml) usin g Aquacide Ill. The samples as well as t.he sta nda rds were equilibrated in 10 rnM T ri s-H C I buffer pH 8.0 co nt.aining l mM EDTA, 1% (w/v) SDS and l % (v/v) BME and h eated at 60"C fo r 15 min . The runnin g buffe r co nsisted of 0.04 M Tris, 0.02 M sodium acetate pH 7.4 co nta ining 2 mM EDTA and 0.2% SDS. Gels were preelectrophoresed with out sa mpl es at 70 volts for 1 h. Sampl es we re ap plied a nd electropho resed at 300 vo lts for 10 min , fo ll owed by 150 vo lts for 3 h. After electrop horesis, t he proteins were fixed in a 25 % (v/v) isopropanol , 10% (v/v) acetic ac id so lu t ion for I h. Proteins we re stained hy diffusion in 0.02% (w/v) Coo massie Blue in 7% (v/ v) acetic ac id for 12 h. T hyroglobulin (M, = 330,000), ferri t in (half uni t, rn, = 220,000), alb umin (M, = 67.000), cata lase (M, = 60,000) , lacta ie de hyd rogenase ( M, = 36,000), a nd fe rritin (subu nit , M, = 18,500) were employed as sta ndards.
p H Optimum
The pH dependen ce of the Si ncla ir sw in e melanoma alk a line ph osphat ase was det ermin ed over th e pH ra nge of 4-11.3 us in g a T ri sma leate buffer system. The buffer was ti t rated with KOH or H Cl to obtain t he desired pH. There was no inactivation of t he enzyme over t he pH range empl oyed. This was dete rmin ed by incubatin g th e enzyme at :n· c for :lO min in 0.1 M Tris-maleat.e buffer at the different p Hs a nd t hen assay in g an a li quoi in th e sta nda rd reaction mixture. For t he dete rmination of p H dependence, t he assay mixture contained in a tota l vo lum e of 1.1 ml: 0. 1 M Tris-ma leat.e, 10 mM p-n itrophenyl phosphate, 0.1 mM MgC \2, 1 pM ZnSO,, a nd t he enzyme (0.003 unit ).
T he p H value of t he reaction m ixtu re (buffe r + substrate + enzy me) was dete rmin ed at 37"C.
Inhibition Studies
The effec t of va rious inhibitors on t.h e ac t iv ity of th e part.in ll y purified a lka lin e p hospha tase from S in cla ir swin e mela nom a, a nd 0;1 the isozy mes of alk aline ph osphatase from po rcin e intestine, po rcine pl ace nta, a nd hum a n pl ace nta was determin ed usin g t he sta ndard en zy me assay contai nin g I he inhibit.ors. The fo ll owing inhibi tors were added ind iv idu a lly to t he reaction mixture: L-p henyla la nin e (2-20 mM). L-phenylalanylglycy lglycine (0.2-10 mM). L-homoarginine (5-35 mM) a nd lcva mi so le (0.09-1 mM) . The en zy mes were d ilu ted in Buffer A so t hat less t han 10% o f t he substrate was hydrolyzed during t.he incubation peri od. The enzy me was a ll owed to prei ncubate for 10 min at 37•c wi t h the inhibitor and t he reactions were t hen sta rted by th e addition of p-nitrop henyl phosphate. The reacti on mixtures and co ntrols without inhibitor were incu bated at 37 "C for 30 min a nd were termin ated by the add it ion of 2.5 ml or 1 M NaO H. The perce nt.age of activity rema inin g was determin ed by co mpa rin g t he activ ity remaining in the t.reuted sa mpl e to the co ntrol. These result s a re expressed in this work as th e co nce ntrati on of inhibitor required to produce 50% inhibi tion using t he method described by Goldstein a nd H a rri s [21] .
Th ermal In actiuation
The thermosta bilit y of t he va ri ous a lk a li ne phosphatase was determin ed in Buffer A at 56"C. Ali quots of the enzy me were removed at th e indicated t im es a nd were assayed fo r enzy matic activity us ing the sta nda rd assay. The pe rcentage of activ ity remai n ing was determined by co mpari ng the res idua l activity in t he trea ted samp les to a control kept at 4 · c. 
RESULTS
Demonstration of Alkaline Phosphatase Activity in Sinclair Swine Melanoma Tissue
A comparison of t he levels of alkaline phosphatase activity in normal skin and cutaneous malignant tumors from Sinclair swine demonstrated that the malignant melanoma tissue contained significantly hi gher levels of alkaline phosphatase activity than normal tissue from the same animal (Table I) . The increase in alkaline phosphatase activity in tumor tissue ranged from a 4-fold increase in the neonatal animal to a 13-fold increase in a 97-day-old animaL Similar results were observed when comparing alkal ine phosphatase actvity in normal lymph nodes to that found in malignant lymph nodes from the swine (data not shown).
Purification of Alkaline Phosphatase Activity
Following chloroform precipitation, t he alkaline phosphatase activity was purified from cutaneous t umors using hydrophobic chromatography . T he alkaline phosphatase activity was bound co lumn (1 x 10 em) and th e alkaline phosphatase activity was eluted using 0. 2 M mannose. Fractions of 2.5 ml were collected a nd assayed for a lka lin e phosphatase activ ity usin g p-nitrophenyl phosphate as the substrate. C. No ndenatu rin g polyacrylamide gel electrophoresis demonstratin g th e purity of the alk alin e phosphatase preparation. The ge l on the left is th e crude exl ract and th e gel on the right is the co nca nava lin A Sep ha rose purified ga mple.
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to the phenyl-Sepharose matrix under conditions of high ionic strength and was eluted using a linear gradient of decreasing (NH 4 LSO., concentration and an increasing concentration of ethylene-glycol monomethylether. The enzymatic activity eluted as a single peak when the (NH,LSO, concentration reached 530 mM ( Fig 1A ) . Further purification of the enzyme was ac hieved by affinity chromatography on concanavalin A Sepharose. The enzyme was bound to the matrix and eluted with 0.2 M mannose ( Fig 1B) . The use of a linear gradient of increasing mannose concentration did not enhance the purification of the enzyme but instead reduced the overall recovery of the enzyme. Fig 1C demonstrates the purity of the enzyme as determined by polyacrylamide gel electrophoresis. Using the above protocol, the alkaline phosphatase was purified from a number of Sinclair swine melanoma tumors with the purification ranging from 135-to 160-fold with an average recovery of 14%. A typical purification for the enzyme from a cutaneous tumor from animal 5135 is summarized in Table IL Unless otherwise stated, the purified enzyme from animal 5135 was used in these studies. However, similar results were obtained with the alkaline phosphatase activity obtained from cutaneous tumors from other Sinclair swine.
For comparison purposes, the placental-like alkaline phosphatase from KB cells and the porcine intestinal, porcine placental, and the human placental alkaline phosphatases (Sigma Chemical Co.) were purified using the protocol described for the swine melanoma enzyme. Regardless of the source of the enzyme, the alkaline phosphatases exhibited C, pH profi le of Sinclair swin e mel anoma alkaline phosphatase. The pH optimum was determin ed as described in Materials and Met hods usin g a Tris-maleate bufTer system. React ion mixtures were incubated at :n•c for :30 min usin g 0 .003 unit of purified enzy me per assay. si milar profiles on both the phe nyl-Sepharose and concanavalin A matrices. While t he re were minor differences in t he concentration of (NH.,) , SO., (520-610 mM) t hat eluted the enzymes from t he phenyl-Sepharose matrix , t hese diffe re nces were not 
Ph ysical and Biochemical Properties of the Sinclair Swine M elanoma Alkaline Phosphatase
The molecul a r weight of t he swine mela nom a alk a line phosphatase was determined usin g ge l fil t ratio n c hromatograp hy and SDS-PAGE. The molec ular weight o n Bio-Gel A-5M was determined by comparing the partition coeffi cie nt (K ,,) of t he alkaline phosp hatase to t he standards. A semilogarithmetic plot of molecula r weight vs K"" was constructed a nd the molecular weight was estimated to be 122,000 ± 2,500 (mean ± SE of 3 expe riments) (Fig 2A ) . On the SDS-PAGE, a linear relat ions hip existed between the relative mobilities and molec ul a r weight. of the sta ndard proteins. The a lkaline phosp hatase electrophoresed to a position that was ide ntical to that. of bovin e se rum a lbumin . The molecular weight of the subuni t was estimated to be 67,200 ± 750.
Unde r nondenaturing conditions, the alkaline phosphatase activ ity from swine mela nom a cells exhibited a relative mobility (Rr) of 0.04 on polyacrylamide gels while the a lkaline phosp hatase activity from normal skin ex hibited a Rr of 0.13 unde r t he same electrophoretic conditions (Fig ,2B ) . The placental-like a lk aline p hosphatase from KB ce ll s, porcine placenta l, a nd po rcine in testinal a lka line p hosphatases ex hibi ted Hr's of 0.05, 0.04, a nd 0.12, respectively, unde r t he same electrop horetic conditi o ns.
Thermostability is a sen sitive paramete r for distinguishing isoe nzy mes of alkaline phosphatase !21-23 ]. At a pH of 7.5, the alkaline ph osphatase activi ty from Sinclair swi ne melanoma cell s exhibited a 1\ 11 of 18 ± 2 min at 56•C (Table III ) . This was not significa ntl y di ffe re nt from t he T ,,0 of 13 ± 3 min exhibited by t he porcine placental a lka line phosphatase. By con t rast, the activit ies of t he porci ne intesti na l a nd t he human placenta l a lkalin e phosp hatases were thermostable at 56°C. l n a Tris-maleate buffer system, t he a lka line phosphatase from Sinclair swine melanoma cells exhibited optimal activity over the pH range of 8.9-10.7 with p-nitrophenyl phosphate as the substrate (Fig 2C) . Similar results were obtained using the Tris-maleate buffer system with AMP or ATP as the substrate. H owever, the rate of hydrolysis of these nucleotides was lower than that exhibited for p-nitrophenyl phosphate (Table IV) . When using the 2-amino-2-methyl-1-propanol-HCl buffer system, there was no significant hydrolysis of these nucleotides. Similar results were obtained using the purified porcine intest inal or the porcine p lacental alkaline phosphatases (data not shown) . Initial velocity studies were performed using the 0.1 M 2amino-2 methyl-1-propanol-H CI buffer system at pH 10.6 with p -nitrophenyl phosphate as the substrate. The K, for p -nitrophenyl phosphate was estimated to be 0.15 mM by Lineweaver-Burk plots.
In addition to differences in thermostability, the various "Va lues represent. th e perce ntage of residual activity in t he treated sa mpl es when co mpa red to th e acti vities of controls kept at 4 ' C. The enzy ma t ic activi ty was determined us! ng the standa rd assay described in Materials and M ethods . Valu es a re t he average of 3 det e rmin ations ±SEM.
• Human pl ace nta, porcine placenta, a nd porc ine a lkaline phosphatases were diluted in Buffe r A so the linal concentration per asasy was 0.01 units.
' The a lkaline phosphatase ac tivity was purified from th e neon atal a nimal and anim a l 5 135 as desc ribed in Materials and Methods. The e nzy mes we re diluted in Buffer A so t he final conce ntration pe r assay was 0.005 unit. Vol. 82, No.5 isoenzymes of alkaline phosphatase can be distinguished using specific inhibitors [21, 24, 25] . For control purposes, purified preparations of the human placental, porcine intestinal, and porcine placental were included in the tests. The alkaline phosphatase activity from swine melanoma tissue was inhibited by L-homoargin ine, levamisole, and vanadate ion but not by Lphenylalanine or L-phenylalanylglycylglycine (Table V) _ By comparing this inhibition pattern with those of the various control enzymes, it was apparent that the swine melanoma enzyme resembled the porcine placental isoenzyme.
TA BLE IV . ::>ubstrate specificity of S inclair swine melanoma alkaline phosphatase
DISCUSSION
Studies of alkaline phosphatase activity in malignant melanoma have been conflicting. Using histochemical techniques Kabat and Furth [26] and Kopf [27] examined human mela~ noma tissue and they reported that these tumors did not contain alkaline phosphatase activity. However, Prasad et al [28] reported that human melanoma tissue contained an alkaline phosphatase act ivity that could be distinguished, using starch gel electrophoresis, from the isoenzyme found in normal huma n skin. Similarly, Cadeau et al [29] reported that there was an increase in a p lacental-like alkaline phosphatase in mali gnant melanoma but this isoenzyme was not observed in normal tissue. These conflicting results can be explained in part due to the different techniques used for demonstrating alkaline phosphatase activity in these tissues and also because a relatively small number of human melanomas have been examined for alkaline phosphatase activity.
In the present study, we employed the Sinclair swine melanoma model to examine variations in alkaline phosphatase activity during tumorigenesis. In the Sinclair swine, increased levels of alkaline phosphatase activity were found in melanoma cells when compared to normal skin, even from animals as young as 1 day of age. Electrophoretic examination of both normal and malignant tissue demonstrated that this increase in a lkaline phosphatase activity in melanoma tissue was not the result of the increased production of the alkaline phosphatase activity normally found in swine skin but rather due to production of an electrophoretically distinct isoenzyme_ The isoenzyme of alkaline phosphatase in normal swine skin was electrophoretically indistinguishable from porcine intestinal alkaline phosphatase. This is similar to the results obtained with normal human adult skin in that the isoenzyme found in human skin was indistinguishable from the human intestinal isoenzyme [30] .
To further characterize the alkaline phosphatase from Sinclair swine melanoma cells, the enzyme was purified approximately 146-fold using hydrophobic and affinity chromatography techniques. The alkaline phosphatase activity from the melanoma cells was similar to other isoenzymes of alkaline phosphatase in its elution pattern on the chromatography matrixes, pH required for optimal activity, an apparent K , of "The co ncentration (mM) of inhibitor pro ducin g 50% inhibition (! ,.,) of a lkaline phospha tase ac ti vity was dete rmnined us ing th e procedure desc ribed by Goldste in and H a rris 121]. At least 4 co nce ntrations of each inhibitor were employed a nd 4 dete rminat io ns were made on each spec im en at each inhibito r concentrat ion with the average valu es (% activ ity rem a ining) being employed in the calcul a tion. The values represent t he lso ± S EM.
b Huma n place nt a, porcin e pl acenta, and po rc ine in t estina l a lk a line phosphat ases we re dilu ted in Buffer A so the fin a l concentration pe r assay was O.Olunit. The S in cla ir swine me la nom a a lka line, phospha tase activity was pa rt ially purified from the neonatal and 5135 a nimals as desc ribed in Materials and Met.hods a nd were diluted in Buffer A so th e final co ncentration per assay was 0.00.5 unit. 0.15 mM for p-nitrophenyl phosphate, and t hat it was composed of two ident ical subunits with molecula r weight of 67,000 while the nat ive en zy me ex hi bited a molecular weight of 122,000 [31] [32] [33] [34] [35] .
Several studies have demonstrated t hat t he isoe nzy mes can be distinguished based upon differences in t heir electrophoretic migration [36] , t hermostabi li ty [21] [22] [23] , and sensitivity to various metabolic inhibito rs (21, 24, 25] . The purified alkaline phosphatase from Sincl_a ir swine m e l a 1~oma cells exhibited a ~c of 0.04 in nondenatunng polyacrylamide gels, was t hermolabile at 56oC, relatively insensitive to inhibit ion by L-phenylalanine or L-phenylalanylglycylglycine, but sensitive to inhibition by homoarginine a nd levamisole. These characteristics distinguished t h e Si ncla ir swine melanoma a lka line phosphatase from t he hum an placental a nd porcine intestinal isoe nzy mes of alkaline phosphatase but ~h ey were similar to t hese exh ibited by the porcine placental ISOenzyme.
The resu lts of th is study demonstrate t hat a placental-like isoe nzyme of a lka line phosphatase is exp ressed in malignant melanoma cells a nd that it can be distinguished both electrop h oretica ll y a_nd biochemi~a lly f:om t he intestinal isoenzyme t hat is found 111 norma l swme skm. These results suggest t hat the expression of the placental-like isoenzyme of a lka line phosphatase in swi ne me_ lanoma may _ be relate_d to tumor deve l~p ment. It is a lso poss1ble t hat t he mcrease m t he placental-like a lka line phosphatase activity may be due to t he increased number of pigmented cells in t he tumor, provided t hat t he placental-like activity is normally exp ressed in adul t pigmented cell s. However, no data have been repo rted concern in g alka line phosphatase activity in pigmented cells. Furthermo_re, this hypothesis see ms un~ike ly in view of t he fac~s t hat 1t has been reported t hat t he fetal 1soenzymes of a lkalme phosphatase do not occur in adul t t issue [30] and that we were unable to detect t he placental-like alkaline phosphatase activity in normal swine s kin .
The expression of a placental-like a lka line phosphatase activ it y is not specific for malignant m~lanoma . Thi~ enz:rme activi ty is one of a number of feta l protems expressed m van ous tum or cells [1, 34, 35, 37 ) . The mechanism(s) t hat a llow for t he con t inued expression of these fetal proteins and t heir role in t umor cell metabolism are unknown. The membrane location of a lka line phosphatase could be significant in reflecting c h a n ges in t he plasma membra ne during ma lignant t ra nsformation of ce lls and as such, it cou ld represent a t umor-associated antige n. It is apparent from t hese studies, however, t hat the S inclai r swine melanoma model is a useful model for exam ining biochem ica l cha nges t hat occur during melanoma development.
